Childhood malnutrition remains a major challenge to public health in poor countries. Data on malnutrition determinants in African children are scarce. A cross-sectional survey was performed in eight villages of Burkina Faso in June 2009, including 460 children aged 6-31 months. Demographic, socioeconomic, parasitological, clinical and anthropometric characteristics were collected. The main outcome variable was weight-for-length (WFL) z-score (i.e. wasting). A multiple regression model identified village, age group, religion and the presence of younger siblings as significantly associated with wasting. Villages differed in their mean WFL z-score by up to one unit. Compared with younger children, the mean WFL z-score of children aged 24-35 months was 0.63 units higher than the WFL z-score in younger children. This study confirms the still unacceptable high level of malnutrition in young children of rural West Africa and supports the fact that childhood malnutrition is a complex phenomenon highly influenced by contextual variables.
Introduction
About 8.8 million children under 5 years of age died worldwide in 2008 [1] . Malnutrition is estimated to cause from one-third to one-half of these deaths [2] [3] . It is well documented that low nutritional status associates with an increased mortality risk [3] [4] [5] [6] .
Malnutrition reduction is explicitly considered in the Millennium Development Goals (MDGs) [3] . More concretely, the first goal is to reduce by half the proportion of people who suffer from hunger between 1990 and 2015. The indicator for this goal is the percentage of children under 5 years of age who are underweight (i.e. children who have a weight-forage (WFA) z-score below À2) [7] . In sub-Saharan Africa (SSA), the prevalence of underweight in children <5 years of age has only marginally declined from 27% in 1990 to 22% in 2009 [3] .
Infectious diseases, including diarrhoea, acute respiratory infections, malaria and intestinal parasites, are major contributors to the burden of malnutrition in developing countries [2, [8] [9] [10] . While there are no big gender differences regarding the prevalence of underweight in children <5 years of age, there are clear seasonal differences, as well as rural-urban discrepancies [3, 11] The prevalence of underweight children is also twice higher among the poorest households compared with the richest households [3] .
Malnutrition rates vary widely among continents, countries and regions [5, 12, 13] . Therefore knowledge of the local context is essential. The aim of this investigation was to identify major determinants of malnutrition in young children living in a rural area of Burkina Faso.
Materials and Methods

Study area
The study took place in the Nouna Health District (NHD) in north-western Burkina Faso, which comprised about 320 000 persons in 2009, living in some 300 villages [14] . People are mainly subsistence farmers and cattle keepers belonging to different ethnic groups. The dry season lasts from November to May. The short rainy season lasts from June to October. Malaria is the main cause of morbidity and mortality [15, 16] . Formal health services are restricted to the hospital in Nouna town and 29 village-based health facilities [14] .
The fieldwork for this study was conducted in collaboration with the Nouna Health Research Center (CRSN) situated in Nouna town. It operates a health and demographic surveillance system (HDSS) since 1992 [14] .
Study design and procedures
Present analyses are part of a study comprising two cross-sectional surveys in June and December 2009 in eight villages in the NHD, aiming for a sample size of 480 children aged 6-31 months. Study children were randomly chosen from the HDSS register. Methods and procedures have been described in detail elsewhere [17] . The study team comprised physicians, nurses, laboratory technicians and trained field workers. Weight was measured with a hanging scale (UNICEF Salter Model 235 6S, USA). Recumbent length was measured with a length board (infantometer model no. BCE05, Global Products Corporation, www.gpcmedical.com). Mid-upper arm circumference (MUAC) was taken with a standard color-coded, non-tear, stretch-resistant plasticized paper MUAC tape (UNICEF Item No. 145600, Copenhagen). From the anthropometric measurements, z-scores were derived for the indicators of weight-for-age (WFA), length-for-age (LFA), weight-for-length (WFL) and MUAC-for-age (MUAC/A). A child was considered malnourished when the z-score for the indicator was lower than minus two and severely malnourished when the zscore was below minus three. This article focuses on wasting because it is most closely associated with an elevated risk of death [5, 18, 19] .
Furthermore, a clinical examination of the child and a laboratory examination for malaria and intestinal parasite diagnoses (blood and stool sample) were performed. Additional information on demographic characteristics, self-reported morbidity during the past 4 weeks, disease prevention procedures, socioeconomic characteristics, household characteristics and information on feeding was collected through a questionnaire (answered by the mother/caretaker of the child).
Sample size calculation A total of 460 children participated in the June 2009 survey. To explore the statistical power of the present study, we assumed a worst-case unbalanced scenario where 10% (46 children) were exposed to a given malnutrition determinant and 90% (414 children) were unexposed. If the wasting prevalence among unexposed children was 25% and among exposed children 45%, we would be able to reject the null hypothesis of equal wasting rates with 80% power, given a type I error rate of 5%.
Data management and statistical analysis Data collection forms were systematically screened for completeness, plausibility and consistency. After data entry, data were cleaned. Inconsistencies were resolved by checking against the original field data forms. Data analyses were carried out using SAS version 9.2 (SAS Corporation, Cary, USA).
Z-scores were derived using the WHO Child Growth Standards and the SAS code available at the WHO Web site for calculations. Extreme (i.e. biologically implausible) z-scores for each indicator were flagged by the programme and excluded from analyses [20] [21] [22] .
All explanatory variables were tested for association with the WFL z-score based on univariate linear regression. The full list of variables tested in the univariate linear regression analyses is shown in Table 1 . A forward multivariate model selection was implemented to identify the most relevant malnutrition determinants, where variables resulting in probability values under 0.05 were considered statistically significant and entered the linear regression model. To quantify wasting risks, we performed an analysis with a binary outcome variable, classifying children into 'wasted' and 'not wasted' according to their WFL z-scores (under or over minus two), and relative risks were estimated for the statistically significant variables that had entered the model based on logistic regression.
Ethical aspects
Ethical approval was obtained from the Ethical Commission of Heidelberg University Medical School and the local Ethical Committee in Nouna, Burkina Faso. Community consent was sought before start of the study. During the survey, individual written informed consent was obtained from parents/caretakers. Study children found ill during the survey were treated free of charge. In case of significant illness, they were referred to Nouna hospital. were taken to hospital remained with the parents/ caretakers of the children.
Results
Nearly half of the study children were females (47%).
The mean age was 20.5 months (SD 6.8), the mean weight was 9.3 kg (SD 1.9), the mean length was 79.1 cm (SD 6.5) and the mean MUAC was 14.0 cm (SD 1.2). Table 1 shows all characteristics of study children and its associations to the main outcome variable in the univariate analysis. Literacy rates in adults are low, and household incomes are mainly based on subsistence agriculture. People live in poorly constructed buildings and have low access to water and sanitation facilities. Children experience high morbidity. Table 2 shows the demographic characteristics of the study children. Nearly half of the study children were females. The mean age was 20.5 months, the mean weight was 9.3 kg, the mean length was 79.1 cm and the mean MUAC was 14.0 cm.
A total of 26% of children were wasted, and 7% were severely wasted. There were considerable differences in the wasting prevalence by age, sex and among the eight villages (Table 2) .
Variables significantly associated with WFL z-score according to univariate linear regression analyses included age group, village, insecticide-treated mosquito net (ITN) utilization, mother's ethnic group, mother's religion, mother's marital status, having younger siblings and feeding practices (Table 3) .
There was no association of child wasting with maternal and paternal education and occupation, household and land ownership, household assets, construction materials, type of toilet and water used, intestinal parasites, malaria and other morbidities, vaccination status and number of meals per day.
The simultaneous consideration of the previous variables in a multiple regression model identified village, age group, mother's religion and younger siblings as significantly associated with wasting. We present both differences in mean estimated z-scores and risk ratios ( Table 4 ). Note that the different scales of the two response variables (z-scores are interval scaled, whereas wasting defined based on a À2 cutoff is nominal scaled) may translate into a different ranking of variable levels, as described below.
Villages differed in their mean estimated WFL z-score by up to one unit. The risk of wasting was highest among children in Cisse´. The mean estimated WFL z-score among Catholic children was 0.5 units lower than among Muslim children, but their risk of wasting was similar. Protestant children had about half the risk of wasting compared with Muslim children. The mean estimated WFL z-score among children with younger siblings was 0.43 units higher than in children without younger siblings, thus translating in a 1 À 0.36 ¼ 64% lower wasting risk.
Discussion
The prevalence of wasting in this rural area of Burkina Faso has not changed much over the past 10 years [17] thus making it rather unlikely that the corresponding MDG will be achieved. Current global health funding prioritizes disease-specific interventions, mainly focusing on the 'big three', i.e. HIV/ AIDS, malaria and tuberculosis [24] . It appears that nutrition does still not receive much attention, although investments in nutrition are considered to be highly cost-effective [24, 25] . This study aimed to identify determinants of acute malnutrition, i.e. wasting, in young children. Multiple regression analysis identified village, age, religion and presence of younger siblings as independent factors associated with the WFL z-score. Results showed large differences in estimated mean WFL z-scores and wasting risks between the study villages, for both crude and adjusted estimates. This is in line with results from 1999 in the same area [15, 26] .
Our finding that children in the age group of 24-35 months have a significantly higher mean estimated WFL z-score and a significantly lower risk of wasting than children in the two lower age groups is in line with current knowledge that wasting is most common among children aged <24 months and reduces thereafter [27] .
Malnutrition is a major determinant for childhood mortality [1, 3, 5, 6] . A study on determinants of childhood mortality from the same region in Burkina Faso showed that childhood mortality risk was similar for the Muslim and Catholic religious groups [28] . This corresponds to our result of Catholic children having a nearly equal relative risk of wasting than Muslim children. However, a closer inspection relying on undichotomized scores values revealed that the mean estimated WFL z-scores were significantly lower in Catholic children.
We found that children with younger siblings had significantly higher WFL z-score and a significantly lower wasting risk than children without younger siblings. This finding is surprising because the birth of a younger sibling may be a reason for a child to become malnourished as the mother may concentrate more on the newborn and stop breastfeeding the older child. Short birth spacing has been shown to be a risk factor for mortality in the study area [28] .
Many different determinants for malnutrition have been identified by previous studies from other countries [29] [30] [31] . We did not find any association of child wasting with maternal and paternal education and occupation, household and land ownership, household assets, construction materials, type of toilet and water used, intestinal parasites, malaria and other morbidities, vaccination status and number of meals per day. Instead, the current study, as well as a former study in the same region [28] , point into the direction that sociocultural factors, such as religion or living in a certain village, play an important role in this area. Additional qualitative research could contribute to shedding some light on this issue.
A limitation of this study, conducted during the beginning of the rainy season (the so-called hunger period), is, that the most severely malnourished children might have already died and were thus not included. This limitation would result in underestimated differences and relative risks. Furthermore, we did not capture all possible factors that could influence children's nutritional status; e.g. we did not assess the quantity and quality of food available in the households or factors influencing child's nutritional status on a macro-level such as market food prices. As the study was conducted in one district only, it is unclear to which degree our results can be generalized to Burkina Faso or to SSA as a whole.
Conclusion
In conclusion, this study confirms the still unacceptable high level of malnutrition in young children of rural West Africa and supports the fact that childhood malnutrition is a complex phenomenon highly influenced by contextual variables.
